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Summary
Introduction: Five-year following total hip implantation femur adaptive morphology was com-
pared between two groups differing only in their femoral stem design.
Material and methods: Group 1, recruited prospectively, included 51 DédicaceTM stems
(Stryker-Howmedica) and group 2, retrospectively matched to group 1, comprised 51 Kerboull
MK3TM stems (Stryker-Howmedica). While MK3 prosthetic system increases in size homoge-
neously (widening along the whole length as the implant dimension increases), the Dédicace
prosthetic system provides various metaphyseal widths for a given diaphyseal size. We opted
for primary ﬁxation (press ﬁt according to the ‘‘French paradox’’) prior to cementing in both
cases, despite the risk of discontinuity in the cement mantle. The homogeneous dimensioning
of the MK3 stem enables distal primary ﬁxation, whereas the Dédicace range allows differenti-
ated adaptation to diaphyseal length and metaphyseal caliber. The following parameters were
measured and calculated: Noble index, femoral cortical thickness score of Barnett and Nordin
diaphyseal ﬁlling and stress-shielding at three levels around the stem.
Results: Bone-remodeling, assessed on X-ray, was without clinical impact, whether it took the
form of spongialization or stress-shielding. The sole factor tending to induce stress-shielding
was a high degree of canal ﬁlling by the distal third of the stem, more frequently encountered
with the MK3 model. Metaphyseal ﬁlling was equivalent with all stems. In the matched series
on the contralateral healthy side, femoral spongialization was comparable.
Level of proof: Level III; case/control study.
© 2010 Elsevier Masson SAS. All rights reserved.
∗ Corresponding author. Tel.: +33 (0)2 31 06 46 61; fax: +33 (0)2 31 06
E-mail address: vielpeau-c@chu-caen.fr (C. Vielpeau).
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Figure 1 Radiologic parameters measured on the various
frontal hip views: Noble’s Canal Flare Index A/B, Barnett-Nordin
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Introduction
Implanting a hip prosthesis into a bone site, whether
the acetabular cavity or the femoral shaft, constitutes a
mechanical aggression liable to disturb bone metabolism
equilibrium and physiological bone aging [1]. Over the
medium term, a new biological equilibrium is established,
depending on the mechanical properties of the alloy of the
implant, its shape and relationship to the bone and the resul-
tant stress pattern [1]. Thus, implanted femurs evolve under
the inﬂuence of mechanical, physiological and biological
factors [1]. All of these alterations taken together determine
the straightforwardness or difﬁculty of any future revision.
Sir John Charnley was the ﬁrst to report peri-prosthetic
bone-remodeling, in the form of calcar femoralis bone
resorption and distal cortical hypertrophy [2—6]. Remodel-
ing associated with cemented implants, however, has been
little investigated. The present study compared 5-year evo-
lution in femoral morphology following total hip arthroplasty
using a cemented implant in two groups differing only in the
form of the femoral stem employed. Medullary canal and
cortical evolution under altered mechanical stress patterns
induced by a cemented stem was investigated in a single-
center series to shed light on the following questions: Is
bone-remodeling observed on X-ray ﬁve years after implan-
tation of a cemented femoral prosthesis? If so, is there
clinical impact? Are any signiﬁcant differences induced by
the shape of the femoral component and the degree of
metaphyseal and/or diaphyseal ﬁlling?
Material and methods
Inclusion criteria
Two groups were recruited. Group A prospectively included
51 consecutive patients ﬁtted with 51 DédicaceTM implants
(Stryker-Howmedica) between June and December 2000.
Group B was a control group of 51 MK3TM implants (Stryker-
Howmedica) (50 patients), matched to group A, ﬁtted
between 1997 and 2000, when this reference model was sys-
tematically employed. Mean follow-up was ﬁve years in both
groups.
The two groups differed only in the type of femoral stem
used, and were comparable for: age, sex, body-mass index
(BMI), pre-operative physical activity level, Postel-Merle
d’Aubigné (PMA) score [7], etiology, approach and type of
socket. All arthroplasties were primary, using Hardinge’s
anterolateral approach or trochanterotomy; cases of revi-
sion and patients with history of intra- or extra-articular hip
surgery were excluded.
Assessment
Noble’s Canal Flare Index [8] and the Barnett and Nordin
femoral cortical thickness score [9] were calculated from
pre-operative radiography.
The Noble index distinguishes three morphotypes: (a)
‘‘stove pipe’’, with an index < 3; (b) ‘‘normal’’, with an
index between 3 and 4.7; and (c) ‘‘champagne ﬂute’’, with
an index between 4.7 and 6.5.
s
g
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h
pemoral cortical thickness Score (C-B)/C and diaphyseal ﬁll-
ng (E/D) calculated at the Superior-third/mid-third juncture,
id-third/inferior-third and distal extremity of the stem.
The Barnett and Nordin femoral cortical thickness score
as calculated at three levels: (a) stem tip; (b) mid/inferior
hird stem junction; and (c) mid/superior third stem junc-
ion.Femoral ﬁlling was assessed on post-operative X-Ray
Fig. 1).
Changes in femoral architecture were mapped onto the
even Gruen zones:
cortex evolution (hypertrophy or thinning), with stress-
shielding corresponding to distal hypertrophy of one or
two cortices (grade 1 stress-shielding), possibly associ-
ated with cortical thinning in Gruen zone 7 (grade 2
stress-shielding);
spongialization, shown on X-ray by a trabecular aspect of
the medullary side of the femoral cortex, corresponding
more to bone aging than to femoral adaptation to implant-
induced stress patterns [8]. The healthy contralateral side
was assessed on the same protocol.
Stem migration at ﬁve years was analyzed on the criteria
f Massin et al. [10].
orphological comparison of the two implants
oth femoral stems were polished solid stainless steel.
n group B, the Kerboull MK3TM stem (Stryker-Howmedica)
ncreased in size homogeneously, widening along the whole
ength as the dimension increased; in group A, the
édicaceTM stem (Stryker-Howmedica) provided a choice of
etaphyseal widths for a given diaphyseal size. Mediolat-
ral metaphyseal stem diameter was consistently greater
n group A than group B; distally, however, at the junc-
ion between the proximal 2/3 and distal 1/3, mediolateral
tem diameter was consistently greater in group B than
roup A. We opted for primary ﬁxation prior to cementing
n both cases (the so-called ‘‘French Paradox’’ [11]). The
omogeneous dimensioning of the MK3 stem allowed distal
rimary ﬁxation. With stem A (Dédicace), primary ﬁxation
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as diaphyseal and metaphyseal or, failing that, metaphy-
eal.
tudy material
re-operative epidemiological, clinical and femur morphol-
gy characteristics for groups A and B are shown in Table 1.
he two groups were comparable epidemiologically. Nearly
0% of the hip pathologies concerned primary arthritis in
oth; there were, in groups A and B respectively, ﬁve
nd three cases of arthritis secondary to congenital hip
islocation. There was no signiﬁcant difference in the pre-
perative distribution of Charnley categories (p = 0.43).
Pre-operative hip function was comparable between
roups (PMA score [7] respectively 12.3 in group A and 11.9
n group B). The pre-operative Harris Hip Score (HHS) [12]
as 50.8 in group A and 48 in group B (p = 0.28).
In terms of Noble index (Fig. 1) (Table 1), in groups A and
respectively, ﬁve and two femurs were champagne-ﬂute
ype, 36 and 41 were normal, and 10 and eight were stove-
ipe type. There were no signiﬁcant differences according
o group or to gender (p = 0.63).
urgical technique
se of trochanterotomy and Hardinge’s approach was equiv-
lent between groups: in groups A and B respectively, 28 and
0 trochanterotomies and 23 and 21 Hardinge’s approaches.
rimary ﬁxation was sought ahead of cementing, which
erved simply to ﬁll residual space, despite the risk of ren-
ering the mantle discontinuous. There were fundamental
ifferences in ﬁtting between the two types of stem. In
roup A, diaphyseal diameter was determined ﬁrst, using a
alibrator, and the best-adapted metaphysis was then cho-
en, on a ‘‘monoblock modularity’’ principle. Thus, canal
alibration determined a ‘‘family’’ of possible stems, with
etaphysis calibration then assuring optimal metaphyseal
daptation. In group B, on the other hand, for a given
eck length, the femoral canal was prepared using rasps of
ncreasing sizes, until primary stem ﬁxation was obtained.
ncreasing stem length within a given family entailed an
ncrease in diameter all along the stem, both diaphyseally
nd metaphyseally.
After bone plug obturation and cleaning by pulsed lavage,
he medullary canal was ﬁlled with cement in a retro-
rade manner, under pressure. Cementing used a ‘‘second
eneration’’ technique [13], mainly (n = 78 /102) with high-
iscosity cement (PalacosTM, Biomet). The cement was held
n place by manual pressure until polymerization. Antibiotic
nd antithrombotic prophylaxis were systematic.
tatistics
tatistical analysis used StatView 5.0 software (Berkeley,
A).
Qualitative variables were compared by 2, and quan-
itative variables by Student t-test or analysis of variance
ANOVA or Bonferroni-Dunn) where necessary. The signiﬁ-
ance threshold was set at 0.05.
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esults
omplications
urgical complications included one metaphyseal crack
group A), requiring wiring, without functional or radio-
raphic consequences at ﬁve years. There were no dislo-
ations, infectious complications or femoral or acetabular
oosening at ﬁve years. Brooker grade 2 ossiﬁcation occurred
ve times in group B (four anterolateral approaches by ante-
ior gluteus medius myotomy, and one trochanterotomy) and
hree times in group A (three anterolateral approaches).
rooker grade 1 ossiﬁcation was observed four times in group
(four anterior gluteus medius hemimyotomies, and one
rochanterotomy) and three times in group A (three anterior
luteus medius hemimyotomies).
linical results
ip function showed overall improvement. Mean gain in PMA
core was 4.6 and 5 points respectively in groups A and B.
ean improvement in pain score, the most essential factor,
as 2.5 and 2.8 points respectively in groups A and B. Mobil-
ty was stable as compared to pre-operative level, with a
ean gain of 1.4 and1.6 points respectively in groups A and
. Postoperative HHS was 85.8 in group A and 88.1 in group B
p = 0.17). In all, no clinical differences emerged in relation
o femoral stem type. The HHS pain item showed no corre-
ation with the occurrence of stress-shielding (taking grades
and 2 together) (Table 2a) (p = 0.55).
-ray results
o evolutive peri-prosthetic radiolucency or stem migration
as observed in either group. Only two areas of radiolucency
n Gruen zones 2 and 3 (in group A) were observed imme-
iately postoperatively, and may have been due to air or
lood trapped during cementing; both were non-evolutive,
ithout adverse clinical impact. No signs of femoral implant
igration (subsidence or stem migration in varus) were
bserved at follow-up.
Four groups of femur were distinguished at ﬁve years,
ccording to post-implantation evolution (Table 2b). (1) Six-
een femurs were unchanged in group A and 11 in group B
p = 0.21), as were 18 of the 38 non-operated contralateral
emurs. (2) Twenty-seven femurs in-group A vs 17 in group
(p = 0.0608) and 20 of the 38 healthy femurs showed spon-
ialization (Fig. 2). Eight femurs in group A and 17 in group
(p = 0.04) showed grade-1 stress-shielding; only six femurs
in group B) showed grade-2 stress-shielding (p < 0.05).
pongialization
wenty-seven out of 51 femoral stems in group A vs 17/51 in
roup B showed spongialization (p = 0.06). Group A showed
pongialization rather than stress-shielding. A stove-pipe
orphotype proved to be a predictor of spongialization
p = 0.01). Twenty of the 38 healthy contralateral femurs in
roup A had enlarged at follow-up. Epidemiologically, age
ver 68 years (p = 0.2644), female gender (p = 0.002) and
MI < 26 kg/m2 (p = 0.003) correlated with spongialization.
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Table 1 Preoperative epidemiological, clinical and femoral morphology characteristics of groups A and B.
Group A (DédicaceTM) Group B (MK3TM) p
Age (years) 65± 4 67± 4 0.18 (NS)
Gender 26 F/25 M 26 F/25 M 0.93 (NS)
BMI (Kg/m2) 26.1± 3.8 28.4± 5.2 0.32 (NS)
Activity level
A: heavy work. sport 10 7 0.28 (NS)
B: sedentary work 8 11 0.48 (NS)
C: active retired 13 15 0.21 (NS)
D: sedentary retired 20 18 0.17 (NS)
Etiology
Primary hip arthritis 35 38 0.45 (NS)
Hip arthritis secondary to congenital dislocation 5 3 0.72 (NS)
Inﬂammatory pathology 4 7 0.34 (NS)
Post-traumatic 2 1 0.65 (NS)
Osteonecrosis 5 2 0.22 (NS)
Charnley grade 0.42 (NS)
A 21 23
B 19 16
C 11 12
Pre-op Harris Hip Score (HHS) 50.8 48 0.28 (NS)
HHS pain item 20.2 17.8 0.16 (NS)
PMA score
Pain 3.1± 0.5 2.9± 0.5
Mobility 5.3± 1.1 5.3± 0.6
Stability 3.8± 0.6 3.6± 0.6
Total 12.3± 1.4 11.9± 1.13 0.11 (NS)
Noble Index 0.63 (NS)
Champagne ﬂute 5 2
Normal 36 41
Stove-pipe 10 8
Femoral cortical thickness score
Tip 0.48± 0.06 0.46± 0.07 0.31 (NS)
Inf. third 0.44± 0.06 0.42± 0.6 0.15 (NS)
Sup. third 0.215± 0.02 0.22± 0.02 0.18 (NS)
Approach
Trochanterotomy 30 28 0.35 (NS)
Hardinge 21 23 0.24 (NS)
Stress-shielding
In both groups, stress-shielding correlated with: (1) female
gender (p = 0.02), (2) age < 63 years at surgery (p < 0.001),
(3) and weight < 65.4 kg (p = 0.01). On the other hand, stress-
shielding at ﬁve years did not impact the clinical result (PMA
Table 2a : Postoperative Harris pain item score accord-
ing to stem type and occurrence of stress-shielding (p = 0.55
(NS)).
Group A
(DédicaceTM)
Group B
(MK3TM)
Stress-shielding Yes No Yes No
Number of stems 8 43 23 28
Mean Harris
Post-op pain
Score 40 37.8 41.3 39.6
and HHS scores). The degree of diaphyseal ﬁlling at the
distal third of the stem was a determining factor in stress-
shielding. Thus, clear differences emerge between groups
established in terms of the occurrence of stress-shielding
(Table 3).
Table 2b Femoral modiﬁcations in groups A and B and
healthy contralateral side at ﬁve years.
Group A
(DédicaceTM)
Group B
(MK3TM)
Healthy
side
No change 16 11 18
Spongialization 27 17 20
Stress-shielding
(grade 1)
8 17
Stress-shielding
(grade 2)
0 6
Total 51 51 38
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Figure 2 Cancellous process facing distal third of stem.
Table 3 Comparison of femoral cortical thickness score at
ﬁve years in groups A (DédicaceTM) and B (MK3TM).
Femoral score Group A Group B p
Tip 0.49 ± 0.07 0.49 ± 0.06 0.48
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taken at the metaphysis were less so, whether frontal orMid-Inf. third 0.43 ± 0.07 0.47 ± 0.07 0.019 (S)
Sup. mid third 0.209 ± 0.02 0.2 ± 0.05 0.70
Diaphyseal ﬁlling at the distal third of the stem was
reater in the stress-shielding group (0.625 vs 0.585;
< 0.05), but did not differ at the proximal third or at the
istal tip: at the proximal third it was 0.656 vs 0.642 in
he groups with and without stress-shielding, respectively
p = 0.45), and at the distal tip 0.532 vs 0.551, respec-
ively (p = 0.2710). Comparing the sub-groups of grade 1 and
stress-shielding failed to reveal any predictor of stress-
hielding intensity.
ole of the mediolateral diameter of the distal
hird of the stem
re-operative femoral morphotypes were similar between
he two groups (Table 1). Distal mediolateral stem diam-
ters, however, differed: in group B, 46 stems had
iameters > 13mm, vs only 19 in group A. Distal-third medi-
lateral stem diameter was thus a factor in stress-shielding.
Mediolateral stem diameter modulated distal diaphyseal
lling, thus impacting femoral reaction at the distal thirds
f the stems used in groups A and B (scored as 0.43 and
.47, respectively; p = 0.019). Stems in which diaphyseal ﬁll-
ng was greater showed increased distal femoral scores, with
signiﬁcant difference between groups: the MK3 stems pro-
ided greater distal ﬁlling in group B than did the Dédicace
odels in group A, resulting in signiﬁcantly greater stress-
hielding in terms of both frequency (23 vs 8) and intensity
six cases of grade-2 stress-shielding, all in group B) (Fig. 3).
l
h
aigure 3 Grade-1 (left) and grade-2 (right) stress-shielding.
tress-shielding and congenital dislocation
ccurrence of stress-shielding correlated with an etiology of
ongenital dislocation (p = 0.0037). Stress-shielding in these
ases was grade 1, and in ﬁve out of eight cases occurred
ithin one year, and subsequently stabilized. Diaphyseal ﬁll-
ng at the distal third of the stem was consistently greater
han 0.65, even though stem sizes were small in these
ases, and was related to the femoral morphotype speciﬁc
o dysplastic hips, associating hyper-anteversion of neck and
etaphysis and a narrow isthmus (high femoral score).
iscussion
ethodological issues
follow-up period of ﬁve years, as in the present
tudy, avoids certain biases, such as osteolysis due to
etal/polyethylene friction-couple wear, that might subse-
uently occur. Resorption granuloma causes osteolysis which
eakens the cortex and may lead to a real solution of
ontinuity [14]. All X-rays views were analyzed by a sin-
le observer, and all measurements were taken on frontal
iews. Several factors inﬂuence interpretation, despite all
fforts at standardization: (1) incident ray direction; (2)
egree of incident ray penetration, whether real or, with
he advent of digitized images, virtual; and (3) variation in
emoral rotation, either with respect to the healthy con-
ralateral side, or between successive views of the same
emur. Eckrich et al. [15] investigated the reliability of cor-
ical and medullary canal thickness measurements: those
aken at the distal part of the stem were reliable, but thoseateral.
In the present study, stress-shielding represented distal
ypertrophy (grade 1) of one or two cortices, sometimes
ssociated with cortical thinning in Gruen zone 7 (grade
ral m
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2). Metaphyseal bone resorption is always problematic for
revision.
Results analysis
At ﬁve years’ follow-up, despite clear radiographic differ-
ences, no difference in clinical impact was associated with
the components used in the two different groups. This
lack of correlation between anatomic and clinical ﬁndings
conﬁrms the asymptomatic nature of the radiographic fea-
tures encountered. Comadoll et al. [16] reached the same
conclusion in a review of 26 cemented implants which were
symptom-free at 10 years’ follow-up, any bone-remodeling
occurring mainly during the ﬁrst two years postoperatively.
Harris [17] and Bugbee et al. [18] likewise found functional
results to be independent of bone-remodeling.
At ﬁve years, 11 femurs in-group B and 16 in-group A
showed no remodeling visible on X-ray. This suggests perfect
adaptation between femoral stem and femur in both groups.
Even so, DEXA studies of cemented implants at ﬁve
years’ follow-up [19] reported consistent infra-radiographic
remodeling with 5% to 16% reduction in osseous mineral den-
sity in all Gruen zones. Combined X-ray/DEXA investigation
could describe femoral remodeling around cemented stems
with greater precision.
In the present study, stress-shielding was primarily cor-
related with female gender, as in the literature as a
whole [18,20—22], whatever the stem type. Biological and
mechanical factors may combine in the genesis of stress-
shielding [19]. In the present study, the hormonal status of
female participants was not taken into account.
The one factor relevant to stress-shielding found in the
present study was diaphyseal ﬁlling at the distal third of
the stem, in both groups. In agreement with Bugbee et al.
[18] and Engh and Bobyn [23], distal third stem diameters
exceeding 13mm proved to be a risk factor for stress-
shielding. Stem rigidity would seem to correlate with the
degree of stress-shielding [23]. Bobyn et al. [24] found that
wide (> 13mm) coated stems more frequently induced prox-
imal bone resorption. Only Maloney et al. [25] failed to
ﬁnd any correlation between stress-shielding and stem rigid-
ity, in a post-mortem series. Distally pointed Exeter-type
stems should be better tolerated than those with a quadri-
lateral cross-section. Ek and Choong [26] and Alfaro-Adrian
et al. [27] reported no cortical hypertrophy and only 18%
Merkel resorption in a prospective study of two cemented
Exeter stems at 29 and 30 months’ follow-up; the short- and
long-term quality of these results [28—38] was attributed
to the particular shape of the stems and the visco-elastic
properties of the cement used [26]. The implant converts
axial into radial compression force. Signiﬁcant stress trans-
mission through the cement to the bone interface leads
to homogeneous endosteal stimulation, thereby avoiding
stress-shielding [30,32]. All Exeter series, however, have
shown migration, which the designers indeed consider to be
normal [31,32].Dall et al. [33] reported a 21% rate of distal hypertrophy
and a 43% rate of proximal cortical thinning with modiﬁed
Charnley stems, which were wider and more ﬁlling than the
original model. They attribute the very good results found
with the Charnley implant partly to its low rigidity. Engh andorphology 109
obyn [23], Bobyn et al. [24], and Wan et al. [34] conﬁrmed
he need to adapt the implant’s rigidity modulus to the rigid-
ty of the femur, at all stem levels, to avoid stress-shielding
n case of over-ﬁlling.
Star et al. [35], using the DF-80 implant (Zimmer, Warsaw,
N), found loosening often to be related to a thin cement
antle in Gruen zones 5 and 6. Attempting primary ﬁxation
head of cementing certainly leads to a discontinuous man-
le; but, in our experience and that of other French teams,
his never causes mechanical loosening [11].
Estok et al. [36] used ﬁnite elements analysis to demon-
trate increased axial compression in such cases, leading
o rupture at the cement/implant interface. This under-
cores the usefulness of under-sizing the distal diaphysis
nd, according to certain authors [35,37], of employing a
istal centerer, although the latter concept was recently
efuted by Sheerlinck et al. [38], who showed that the stem
ould be just as effectively aligned without a centerer, even
f this leads to a discontinuous mantle.
onclusion
one-remodeling is not speciﬁc to cementless total hip
mplants, and the present study investigated its occurrence
ith cemented models. Over ﬁve years’ follow-up, remod-
ling was visible only on X-ray, with no clinical impact
hatever its form (spongialization, or grade 1 or 2 stress-
hielding). The sole factor correlating with stress-shielding
n this series comparing DédicaceTM and MK3TM stems was
he degree of ﬁlling at the distal third of the stem. Meta-
hyseal ﬁlling was comparable with both models, and did
ot correlate with stress-shielding. Rigidity, shape and stem
oating were the factors determining femoral adaptation
nd lasting ﬁxation. Early and late bone resorption should
lways be monitored to improve results in primary hip
eplacement and to postpone if not avoid revision, in
hich functional results are less good, especially in case
f extensive bone loss. The main difﬁculty lies in objective
ssessment of remodeling over time. Conventional X-ray,
lthough practical, proves limited. Biphotonic absorptiom-
try is an attractive idea, although difﬁcult to perform with
cemented stem, especially in zones in which cement is
artially penetrating the cancellous bone.
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